INTRODUCTION
Calcium is an important intracellular signaling molecule, and altered calcium channel function can cause widespread cellular changes. Genetic mutations in ryanodine receptor/ calcium channels that cause what appear to be trivial alterations of calcium currents in vitro can result in serious diseases in muscles and the nervous system (Lorenzon and Beam, 2000) .
In mammalian (human, mouse, rabbit, pig, etc.) , more than 30 missense mutations that lead to the susceptibility to stress reaction, such as malignant hyperthermia (MH) (Loke and MacLennan, 1998) , were found in the coding sequence (Jurkat-Rott et al., 2000) . In humans, 22 MH mutations have been identified at 20 different amino acid residues in the ryanodine receptor-coding regions (Jurkat-Rott et al., 2000) . In swines, MH is a pharmacogenetic disease that affects calcium regulation in muscle and results in sudden death and (or) in PSE (pale, soft, and exudative) meat (Mitchel and Heffron, 1982) . Recently, a C to T transition at nucleotide 1843 in the coding sequence of skeletal muscle ryanodine receptor was associated with MH susceptibility (Fujii et al., 1991) . Eliminating mutation genotypes of skeletal ryanodine receptor has been widely used in the pig breeding (Mitchel and Heffron, 1982) .
Ryanodine receptor has been identified in various mammalian and nonmammalian vertebrate animals. Homologs to vertebrate ryanodine receptor in invertebrates, including Drosophila melanogaster (Takeshima et al., 1994; Hoskins et al., 2007) , Caenorhabditis elegans (Sakube et al., 1997) , and Hemicentrotus pulcherrimus (Shiwa et al., 2002) , have also been cloned and sequenced. The pacific white shrimp, Litopenaeus vannamei (Boone, 1931) , has become the leading farm species in the western hemisphere (Valles-Jimenez et al., 2004) . In recent years, cramped muscle syndrome (CMS) (Lightner, 1988) has caused economic losses to the shrimp industry. CMS of shrimp has also been called "cramped tail", "body cramp", and "bent tail". Although the complete etiology of CMS has not been definitively ascertained, it was hypothesized to be a stress reaction in susceptible shrimp, caused by physiological or nutritional factors that are enhanced by physical or environmental stressors (John, 1992) . Therefore, analysis of the ryanodine receptor gene may be helpful to understand the cause of shrimp CMS.
MATERIAL AND METHODS
A library was constructed by the L. vannamei DNA size fractionation, clean-up of the DNAs, and subsequent ligation into a fosmid vector, pCC1FOS ™ Vector (Epicentre, USA). The ligation mixture was then packaged into lambda phages using MaxPlax Lambda Packaging Extracts (Epicentre). The packaged library was transduced into Escherichia coli EPI300-T1 R , and E. coli transformants were selected on LB agar supplemented with chloramphenicol. The presence of recombinant plasmids and the polymorphism of the insert DNA were examined by agarose gel electrophoresis of an NotI digestion of the purified plasmids from randomly selected E. coli transformants. The library clones were stored in 96-well plates. To isolate the ryanodine receptor gene, the library was screened by polymerase chain reaction (PCR) analysis. The PCR primer pairs were designed according to the EST (GenBank ID: FE180577) (De-la-Vega et al., 2008) from L. vannamei and are homologous to ryanodine receptor gene from D. melanogaster (GenBank ID: NM_057645) (Hoskins et al., 2007) : F:5'-GTGAAGAAGAAGGTCCGTGAGAAGT-3'; R:5'-GAAAGGTATCCGATGATGCCCGTTG-3'. The PCR amplification mixtures of 25 µL contained the following: 100 ng genomic DNA, primers (0.5 µM each), 1.5 mM MgCl 2 , 0.2 mM dNTPs, 1X PCR buffer, and 1 U Taq DNA polymerase (Promega, USA). The cycling conditions were 5 min denaturation at 94°C, followed by 35 cycles of 94°C for 30 s, 57°C for 30 s, 72°C for 1 min, and a final extension at 72°C for 5 min. The selected unique fosmid clones were purified, partially digested with Sau3AI to have 1-4-kb size DNA, and ligated into a linearized pUC118 vector (Promega) to generate the secondary shotgun library. Sequence reactions were carried out using the M13-M3 and M13-RV primers. Gaps were covered by primer walking. The sequence data were assembled by CodonCode Aligner V3.0. For the determination of putative transmembrane regions, the exon and intron were predicted using the GENSCAN server (http://genes.mit.edu/GENSCAN.html). The deduced amino acid sequence of L. vannamei ryanodine receptor was compared with the corresponding region of D. melanogaster ryanodine receptor (GenBank ID: NM_057645) (Hoskins et al., 2007) using the CLUSTAL W program (Higgins and Sharp, 1988) .
The population of L. vannamei was a specific pathogen-free stock originating from the High Health Aquaculture (Kona, Hawaii, USA). Ten shrimps with cramped muscle syndrome and 10 healthy shrimps were collected from the pond. Genomic DNA was extracted from each shrimp muscle using the Genome DNA Extraction Kit (Promega). The coding sequences of the ryanodine receptor genomic DNA were amplified in 20 using 11 pairs of primers ( Table 1) . The PCR amplification mixtures of 25 µL contained the following: 100 ng genomic DNA, primers (0.5 µM each), 1.5 mM MgCl 2 , 0.2 mM dNTPs, 1X PCR buffer, and 1 unit Taq DNA polymerase (Promega, USA). The cycling conditions were 5 min denaturation at 94°C, followed by 35 cycles of 94°C for 30 s, 57°C for 30 s, 72°C for 1 min, and a final extension at 72°C for 5 min. The PCR products were purified and double strands sequenced by ABI377 automated DNA sequencer (performed by Tiangen Company, Bejing). DNA comparison were performed using the DNAMAN software program (Zemann et al., 2006 
RESULTS
A fosmid genomic library was constructed for L. vannamei. After screening the fosmid library, a positive clone was obtained and subjected to shotgun sequencing. A nucleotide sequence (the sequence has been deposited in GenBank nucleotide database: HM367069) of a 15.06-kb genomic DNA segment containing partial ryanodine receptor gene has been determined. The sequence contains 15 exons encoding 1237 amino acids. The deduced amino acid sequence of the L. vannamei ryanodine receptor is 64.8% identical with the corresponding region of D. melanogaster ryanodine receptor amino acid sequence (Figure 1) . The results indicated that the deduced amino acid sequence of L. vannamei ryanodine receptor is highly similar to amino-terminal sequences of the D. melanogaster ryanodine receptor. 
DISCUSSION
In this study, we had cloned partial ryanodine receptor gene sequence of L. vannamei. To our knowledge, this is the first report to clone the ryanodine receptor of L. vannamei. However, the size of ryanodine receptor gene is very large (e.g., the genomic DNA of D. melanogaster ryanodine receptor is ~25 kb), and the genomic DNA sequence of L. vannamei ryanodine receptor is still incomplete. Anyway, this is very helpful in the future cloning of full length sequences of ryanodine receptor gene.
The shrimps with cramped muscle syndrome for SNP detection were characterized by an ante-mortem ventral flexure of the abdomen, which is so rigid that it cannot be straightened without tearing the abdominal muscle tissue. The syndrome was very similar to the cramped muscle syndrome previously reported (Lightner, 1988) . However, we had not found the nonsynonymous mutation that may led to the shrimp sensitivity to stress, suggesting that the nonsynonymous mutations (if they exist) may be localized in the remaining regions, which have not been identified in the present study. The SNP identification in ryanodine receptor reported here would be useful in future association studies aimed at determining the physiologic role of ryanodine receptor in stress-sensitivity of shrimp.
